Protein A is a cell wall component in most strains of Staphylococcus aureus (19) . The protein is usually linked covalently to the peptidoglycan (40) , but mutants and clinical strains have been isolated which secrete all of their protein A into the growth medium (19, 30) . Clinical isolates with extracellular protein A are especially frequent among methicillin-resistant strains of S. aureus (20, 45) . Protein A is characterized by its ability to bind selectively to the Fc region of immunoglobulin G (IgG) (8) , leaving the antigencombining sites free.
Production of IgG-binding proteins of protein A type has also been reported for two other coagulase-positive staphylococcal species, Staphylococcus hyicus (31) and Staphylococcus intermedius (17) . There are no reports on IgGbinding proteins of this type in coagulase-negative staphylococci, but other serum-precipitating proteins have been reported being produced in this group of bacteria (19, 34) .
Protein A can be divided into two main domains, the IgGbinding region and the so-called region X, which anchors the protein to the peptidoglycan of the cell wall (38) . The amino acid sequence of the IgG-binding region was published by Sjodahl (39) . The structural gene for protein A (spa) has been cloned in our laboratory (24) and independently by Duggleby and Jones (6) . We have sequenced the whole gene (11, 43) , and the deduced amino acid sequence was compared with the earlier published amino acid sequence of the IgG-binding region and a partial amino acid sequence of region X.
In the present paper, the gene for protein A has been cloned into the shuttle vector pHV33 (27) to study the expression of the gene in various bacterial species. We have also by in vitro techniques constructed a deleted spa gene lacking the nucleotide sequence coding for region X to investigate the importance of this region for the attachment of protein A to the cell wall.
MATERIALS AND METHODS
Bacterial strains and plasmids. The bacterial strains used are listed in Table 1 .
Two shuttle vector plasmids, pSPA15 and pSPA16, containing the spa gene were constructed to enable replication in Escherichia coli, S. aureus, and coagulase-negative staphylococci. For these constructions the plasmid vectors pHV33 (27) , pSPA8 (44) , and pSPA10 (44) were used. The plasmid pHV33 expresses ampicillin and tetracycline resistance in E. coli and chloramphenicol resistance in staphylococci.
DNA technology. Restriction endonucleases, T4 DNA ligase (New England Biolabs) and alkaline phosphatase (Sigma Chemical Co.) were used according to the recommendations of the suppliers.
Plasmid DNA from E. coli was prepared by the alkaline extraction method (1) and from staphylococci by centrifugation of cleared lysates in CsCl gradients containing ethidium bromide (22, 41) . Electrophoresis of endonuclease-digested plasmid DNA and elution and purification of fragments were performed as described earlier (43) .
Growth media and transformations. E. coli strains were propagated in Luria broth (25) with 0.1% glucose. Transformation of E. coli HB101 was done by the method of Morrison (28) . Transformants were selected on Luria broth plates containing ampicillin (50 ,ug/ml) or tetracycline (10 jig/ ml). The Staphylococcus species were grown in Tryptone Soya Broth, (Oxoid Ltd., London, England), supplemented with thiamine (1 mg/liter), nicotinic acid (1.5 mg/liter), and calcium pantothenate (1.5 mg/liter). Tryptone Soya Agar was used as solid medium.
Preparation and transformation of protoplasts of S. aui-eus, Staphylococcus epidermidis and Staphylococcus xylosuis were done as previously described (10, 21) . The cell wallregenerating medium was DM3, a Casamino Acids-yeast extract-bovine serum albumin medium containing 0.5 M sodium succinate and 8 g of agar per liter according to Chang and Cohen (5) . For selection of chloramphenicol-resistant transformants, CY broth (33) containing 0.5 M sodium succinate, 0.020 M MgCl2, 0.8 g of bovine serum albumin, (Fig. 1 ) in S. aureus and coagulase-negative staphylococci and to investigate the importance of region X for the binding of protein A to the cell wall, two shuttle plasmids were constructed. The plasmid pHV33 (27) , derived from the E. coli plasmid pBR322 and the S. aureus plasmid pC194, was used for the cloning. Replication of pHV33 occurs in both bacterial species expressing ampicillin and tetracycline resistance in E. coli and chloramphenicol resistance in the Staphylococcus species.
In a previous report (24) Fig. 3 . The plasmid contains the structural gene of spa encoding the first 270 amino acid residues of the mature protein A (43), followed by a DNA sequence from pUR222 (36) coding for three amino acids (Pro-Gly-Asn) and one nucleotide triplet from pBR322 coding for a serine residue (Ser) before terminating in a TGA stop codon (Fig. 4) Table 3 ).
There is a considerable variation in protein A production among various isolates of S. aureus (19) Fig. 1 and 2 , with the addition of the gene coding for tetracycline resistance (TET).
several protein A-negative mutants of SA113 isolated in our laboratory in two consecutive mutagenizations as described by Jonsson and Wadstrom (13) in their studies on virulence factors. In the first mutagenization step, a high-level-producihg strain was isolated, and then in a second mutagenization, mutant U320 was isolated as a nonproducer.
There are no reports on proteins similar to protein A in coagulase-negative Staphylococcus species (19) . Yet, cells from all three tested species, S. epidermidis, S. capitis, and S. xylosus, show low levels of binding of '25I-labeled IgG (Table 2 ). However, this probably represents unspecific binding, since the level was the same for all three species and also for S. aureus Wood 46 and the protein A-negative mutant U320. Furthermore, the amount of 1251 bound to the cells did not increase when the number of cells was increased. Tables 2 and 3 show the amount of cell wall-bound protein A as binding of I251-labeled IgG to the cells or as the amnount of lysostaphin-released protein A measured by the ELISA test. The expression levels of the intact spa gene of pSPA15 in the S. aureus strains strongly correlate to the expression levels of the chromosomal spa gene in the respective strains. Strain SA113 carrying the plasmid produces only twice as much protein A as without the plasmid. There is no measurable expression of the plasmid gene in Wood 46, which might be due to a very strong repression, although mutant U320 with pSPA15 produces cell wall-bound protein A at nearly (Fig. 5, lanes  1 to 3) . Protein A, encoded by plasmid pSPA15 and released by lysostaphin, was also heterogenous in size (Fig. 5, lanes  5, 6, 8, 9 , and 10), although S. aureus U320, S. epidermidis and S. xylosus give one major band corresponding to a molecular weight of ca. 53,000 which fits well with the molecular weight predicted from the DNA sequence (43) . In contrast, only a little degradation is observed in the protein purified from the medium of strains carrying plasmid pSPA16 encoding the truncated protein lacking region X, with a predicted molecular weight of 30, 963 (Fig. 6, lanes 2  to 5) . Note that strain A676 produces a homogenous extracellular protein A (Fig. 5, lane 1 and Fig. 6, lanes 5 and 6) and a heterogenous product when the plasmid-encoded, cell wall-bound protein is released by lysostaphin (Fig. 5, lane 8) . These results indicate that degradation of cell wall-bound protein A may occur by the action of intracellular proteases released during lysostaphin treatment.
The protein A isolated from E. coli is extensively degraded (Fig. 5, lane 4 and Fig. 6, lane 1) . However, bands corresponding to the full-sized proteins can be seen in both lanes. The band from the protein encoded by the deleted spa gene of pSPA16 was strong (Fig. 6, lane 1) , in contrast to the weak band from the protein encoded by the complete spa gene in pSPA15 (Fig. 5, late 4 (9) .
In previous papers, the cloning and the determination of the nucleotide sequence of the spa gene from S. aureus were described (11, 24, 43) . In this report, we have described the (44) , it is desirable to find apathogenic, gram-positive bacteria as alternatives to S. aureus.
There is a considerable variation in the production of protein A in various strains of S. aureus (19) . The expression of the spa gene in plasmids pSPA15 and pSPA16 is correlated to the expression of the chromosomal spa genes in the various S. aureus strains, with the exception of strain A676 with the deleted spa gene in plasmid pSPA16, which has a considerably increased production compared with the plasmid-free parental strain (Table 3) . On the other hand, strain A676 with the complete spa gene in plasmid pSPA15 only produces twice as much protein A compared with the plasmid-free strain, with approximately half the amount of protein A bound to the cell wall (Table 3) . In strain SA113, the expression levels with either of the plasmids were increased 100% compared with the plasmid-free strain, but still the expression was considerably repressed compared with strains Cowan I and A676 (Tables 2 and 3 ). The mutant strain U320 was derived from a derepressed mutant of SA113 (13); consequently, the expression levels of the plasmid-coded genes are comparable to Cowan I and A676 (Tables 2 and 3 ). In strain Wood 46, the plasmid-coded spa genes were completely repressed as was the chromosomal spa gene.
Several authors have suggested a common regulation of the synthesis of various exoproteins, including protein A, mainly based on the isolation of pleiotropic exoproteinnegative mutants (3, 7) . Strain 8325-4, which was the donor of the spa gene for cloning in E. coli (24) , produces minute amounts of protein A (32), much less than the related strain SA113, which was used in this investigation (Tables 2 and 3 ). In an earlier study on the production of protein A in 8325-4 (32), it was shown that derepressed production of protein A was obtained by growing streptomycin-or novobiocin-resistant mutants of this strain in the presence of the antibiotics. Furthermore, derepressed production of protein A was correlated with inhibition of synthesis of alpha-and betahemolysin. It was suggested that the structural spa gene was regulated by a repressor protein, the synthesis of which was inhibited by streptomycin or novobiocin. This repressor hypothesis is supported by the finding that mutants of SA113 with high-level production of protein A can be isolated, as described for the isolation of the protein A-deficient mutant U320 (13) . According to the repressor hypothesis, our results suggest that strains Cowan I and A676 are derepressed, strain SA113 is partially derepressed, and strain Wood 46 is strongly repressed (Tables 2 and 3 ). In fact, we recently found that Wood 46 produces minute amounts of extracellular, low-molecular-weight protein A, which was detected by concentration of a 3-liter volume of growth medium on an IgG-Sepharose 4B column. Derepressed mutants of this strain have also been isolated which produce extracellular protein A at high levels but simultaneously have lost the production of alpha-hemolysin and extracellular proteases (M. Lindberg, unpublished results). These data are congru- 
